LincRNAs are four times more than coding RNA sequences. However, currently only 21 thousand lincRNAs are computationally discovered [1] . Although this was one of the most important findings in lincRNA identification, identification of lincRNAs is far from being complete and those predicted lincRNAs are not validated yet. Currently new identified lincRNAs are most from the computational analysis of RNA-seq transcript data while deep learning based methods are barely seen in detecting and validating lincRNAs.
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The mature concepts of deep learning including deep neural network were proposed in mid-2000s even though preliminary ideas of deep neural network had been discussed for long time since 90s [2] , [3] , [4] . Since then, they have been applied to life sciences and shown tremendous promise [5] , [6] , [7] , [8] . Thus, Deep-learning based technologies are regarded as potential tools for computational discovery of lincRNA. Deep neural network uses complicated algorithms, such as convolution, auto-encoder and Boltzmann machine etc., to constrain the error between layers and eliminate the back-propagation problem. Relying on a multiple-layer perceptron architecture, the estimation of input data through the hidden layer can be calculated by iterative encodingdecoding processing so that the minimum difference can be achieved between the input data and the estimation.
Driven by those computationally annotated lincRNA data, deep learning methods based on auto-encoder algorithm can exert their capability in knowledge learning in order to improve the annotation performance for lincRNA detection and discover novel lincRNAs in DNA genomes. As our knowledge, this is the first application to adopt the deep learning techniques for identifying lincRNA transcriptional sequences.
Similar to coding region transcription, non-coding regions are split at transcriptional splicing sites. However, regulatory RNAs rather than message RNAs are generated. That is, the transcribed RNAs participate the biological process as regulatory units instead of generating proteins. Thus, identifying these transcriptional regions from noncoding regions is the first step towards lincRNA recognition.
The transcriptional sequences of lincRNAs are collected from the annotated human DNA genome data. Since the annotated data sets of lincRNAs are not so many as that of mRNAs, all of annotated lincRNAs are used for training, validation and testing. A two-layer auto-encoder neural network is developed for the lincRNA detection.
As a result, the auto-encoder method achieves 100% and 92.9% prediction accuracy on transcription sites over the putative data set. The experimental results show an excellent predictive performance of deep neural network method on the lincRNA data sets. In addition, it validates the newly discovered lincRNA data set with one unreported transcription site found by re-scanning the whole human genome through the deep learning machine. This experiment indicates that deep learning method has the extensive ability for lincRNA prediction. In the future, related methods will be further developed for more applications in this area.
